In an age of globalized finance, Forex market efficiency is particularly relevant as agents engage in arbitrage opportunities across international markets. This study tests the forward exchange rate unbiasedness hypothesis using more powerful tests such as the Zivot-Andrews single-break unit root and the KPSS stationarity (no unit root) tests to confirm that the USD/EUR spot and three-month forward rates are I(1) in nature. The study successfully employs Engle-Granger cointegration analysis which identifies a stable long-run relationship between the spot and forward rates and generates an ECM model that is used to forecast the in-sample (historical) data.The study's findings refute past conclusions that fail to identify the data's I(1) nature and suggests that market efficiency is present in the long run but not necessarily in the short run.
I. Introduction
This paper investigates the validity of the forward exchange rate unbiasedness hypothesis (FRUH) which is indicative of efficiency in the foreign exchange market using more powerful unit root and no unit root tests. The study employs single break unit root and cointegration analysis to determine whether a stable long-run relationship between the USD/EUR spot and forward exchange rates exits, and generates an error correction model to examine further the dynamics of market efficiency. The paper is organized as follows. First, a brief discussion of the relevant literature and a conceptual framework of analysis is presented. Next, the nature of the data and variables are discussed. The third section presents and analyzes the results, while the last section summarizes the main findings in the paper.
II. Conceptual Framework
A multitude of econometric studies have explored the FRUH which suggests that the forward foreign exchange rate serves as an unbiased predictor of the future spot rate. A review of the economic literature surrounding foreign exchange market efficiency yields largely contradictory results with both rejections and confirmations of the hypothesis. By and large, methodological and empirical challenges are at the root of the contradictory results surrounding this important topic in international finance. While early studies disproportionately accepted the FRUH, the findings are increasingly passé for failure to consider the non-stationary nature of the economic data (see Levich, 1978; and Frenkel, 1982) . Recent studies that use unit-root and cointegration analysis increasingly reject the null hypothesis that the forward rate is an unbiased predictor of future spot rate (see Cumby and Obstfeldt, 1984; Engel, 1995; Olmo and Pilbeam, 2011, and Upkolo, 1995) .
Given the equation = + −3 + , confirmation of the FRUH requires that the future spot and forward rates are cointegrated with a vector of (1,-1) and the coefficient = 0and = 1.
Under market efficiency, the expected mean of the error term should equal zero and be independently identically distributed as a white-noise error term. Using the spot and three month forward rates, the same criteria must be met to satisfy the efficiency hypothesis. Although studies since Hakkio and Rush (1998) generally consider the cointegrating relationship between and − to explore the efficiency and accuracy of the forward in predicting the spot rate, Zivot (1998) also suggests thatthe non-lagged variables should also share a cointegrating vector. Zivot argues that the latter model of cointegration more effectively captures the stylized facts of the exchange rate data and may supplement cointegration findings. However, the relationship between the spot and lagged forward rate is most important for this study. Related articles examining efficiency in the foreign exchange market look at changes in the future spot rate influenced by the forward risk premium. These cases primarily concern deficiencies in the rational expectations hypothesis, which are assumed when investigating the FRUH. Additionally, cointegration analysis warrants the exclusion of the risk premium from the model(see Kuhl, 2007) .
The market efficiency hypothesis is based on the idea that participants in the FX market have rational expectations and are risk neutral. Expected returns on speculative currency investments should be zero in the long run (Ukpolo, 1995) . With much of the growth in global finance driven by the acceleration and integration of short-term capital flows, market participants are significantly more exposed to foreign markets. Increasing engagement in foreign markets and the resulting financial growth are spurred by market liberalization, technological advances, and financial engineering(see Duisenberg, 2000) . Foreign exchange is an unavoidable facet of transacting in the global marketplace and the rejection of FRHU suggests there are opportunities to realize incremental returns on investments by engaging in FX market arbitrage. In an inefficient market, agents must exert caution in carefully implementing strategies to yield positive profits from speculative bubbles. The prospect of realizing gains in the FX market is equally valid to that of incurring losses(see Jung & Wieland, 1990) .By contrast, a failure to reject the null hypothesis in the long run suggests agents have rational expectations and are risk neutral, thus foreign currency holdings are only useful insofar as simplifying the process of purchasing securities abroad. If the market is efficient and all subjects have complete information, foreign exchange transactions should only yield a normal profit.
This study uses single break unit root and cointegration analysis to determine whether there is a stable underlying relationship between the future spot and forward exchange rates. Following the Engel-Granger cointegration framework, an error correction model is used to examine adjustment speed and efficiency in the presence of systemic shocks. The model takes the general form of = + −3 + with the $/€ spot and 3-month forward rates as the economic variables under investigation. Given the first order integration identified in section III, refers to the log of the spot rate and −3 denotes the log of the three-month forward exchange rate. The USD/EUR rate is ideal for this study since the euro is the second most traded currency behind the US dollar. Additionally, the launch of the euro common currency on January 1, 1999 marked one of the most monumental economic and political endeavors of the century. Eleven national currencies merged overnight to transform the world's currency market and the process of broadening the euro area continues to this day (Duisenberg, 2000) . The eurozone comprises seventeen member states and there is a reasonable amount of data available to study the common currency. The euro spot and three-month forward rates are from the Haver database which, in turn, obtained the data from the European Central Banks' Eurostat and London's Financial Times' collection. The spot and 3-month forward $/€ exchange rates are measured as monthly averages for the period January 2000 to March 2013.
III. Data
The US dollar per euro spot rate is the model's dependent variable. For ease of interpretation, the variables are expressed in logarithmic form, so the estimated results reveal the spot rate's adjustment to systemic shocks as an elasticity. Essentially,D1 and D2 account for periods of macro-instability that disrupt the currency markets.
IV. Estimation Results
The log of the spot rate in level form and first differences is plotted, respectively, in The ADF t-statistic for a unit root is (-0.596397) as shown in Table 1C . Since the t-stat is insignificant at all levels, the null hypothesis of a unit root cannot be rejected. ADF tests for , the differenced spot rate, reveal in Table 1 .6 that the ADF t-stat (-11.44760 ) is significantly beyond the 1% level. This permits rejection of the unit root null hypothesis for the differenced series and conclusion that USD_EUR is an I(1) process.
An Augmented Dickey Fuller test for the three-month forward rate shows that the series has a unit root and is non-stationary in level form without a significant trend or intercept. The ADF test statistic of ( -1.593227) in Table 2 .3 is insignificant and we cannot reject null hypothesis.
The differenced series' significant t-statistic of (-9.200284 ) is significantly beyond the 1% level.
Thus, the results reported in Table 2 .6 reject the null hypothesis and suggest the level series is an I(1) process that must be differenced to achieve the stationarity required for modeling.
The Kwiatkowski-Phillips-Schmidt-Shin (1992) Lagrange Multiplier unit root test is a more powerful test designed to confirm the finding that the spot rate is an I(1) process. The KPSS test on the level data reports a test-statistic of (0.294096) in USD_EUR_3MO is an integrated order one process.
The Zivot-Andrew single breakpoint test is another method for detecting unit roots in the presence of a single structural break in the data series. Conventional unit root tests have relatively low power when the stationary alternative is true and a structural break in the data is ignored. In other words, investigators are more likely to conclude incorrectly that the series is non-stationary when a structural break is ignored (see Perron, 1989) .Following the lead of Perron, most investigators report estimates for either models A and C, but in a relatively recent study Seton (2003) has shown that the loss in test power (1-β) is considerable when the correct model is C and researchers erroneously assume that the break-point occurs according to model A. On the other hand, the loss of power is minimal if the break date is correctly characterized by model A but investigators erroneously use model C.
Performing the test on the spot and forward rates using Model C reveals significant results.
The first tests in Tables 5.1 and it was becoming clear that the mission in Iraq would be far more difficult and costly than ever imagined.
Given that both the dependent and independent variables are I(1), the Engle-Granger cointegration test procedure requires an ADF test of the residuals (without intercept and trend) of the forex equation in level form. An ordinary least squares regression is generated using the log of level series for the equation = + −3 + in Table 6 .1. As suggested by Zivot (1998), the same procedure is conducted for the = + + equation which is represented in Table 6 .3. Augmented Dickey-Fuller unit root tests are performed on both sets of residuals in Tables 6.2 suggests that the final model does not suffer from first order serial correlation. All of the terms except for the constant generate high t-statistics and are significant at the 5% significance level.
The EC1(-1) term is significant at the 5% level and suggests that a deviation of 10 percent from the long run equilibrium during the current period is corrected in the subsequent period by approximately 0.5 percent. The addition of the D2 term, given that its inclusion makes theoretical sense, increases the Adjusted R squared and enhances the degree of accuracy for the final model.
The fact that the constant is not significantly different from zero supports the efficiency hypothesis. The estimated coefficient for the forward rate is 1.001182 with a t-stat of 258.2166.
This result is highly significant and since it is close to 1, the model fulfills the FRUH criteria.
The failure to reject the null hypothesis serves to support the use of the forward rate as an unbiased estimator of the future spot rate. The evidence for the dollar-euro rate suggests support for market efficiency in the long run but not necessarily in the short run because a disequilibrium exists between the two variables, suggesting that expected returns to speculators are not zero in the short run (see Upkolo, 1995) . In general, the results suggest that participants in the foreign exchange market are risk neutral and have little to gain from speculation in the long run.
EC models were also used to track the historical data on the percentage change in the spot rate for the period under review. Figure3 below shows that the model was able to track the turning points in the actual series quite well. s refers to the actual series and (sf) denotes the in-sample
forecast. In addition, Figure 4 below shows that the Theil inequality coefficient for this model is 0.02270, which is well below the threshold value of 0.3, and suggests that the predictive power of the model is quite good (see Theil, 1966) . The Theil coefficients can be decomposed into three major components: the bias, variance, and covariance terms. Ideally, the bias and variance components should equal zero, while the covariance proportion should equal one. The reported estimates suggest that all of these ratios are close to their optimum values (bias= 0.0000, variance= 0.0067, and covariance = 0.9932). Sensitivity analysis on the coefficients also revealed that changes in the initial or ending period did not alter the predictive power of the selected models (results are available upon request).
VI. Conclusion
Efficiency in the foreign exchange market is especially relevant in the world of globalized finance since market agents are frequently and increasingly transacting both at home and abroad.
This study shows that the spot and three-month forward exchange rates are I(1) processes using the more powerful KPPS stationarity test and the Zivot Andrews single break unit root test.
Following the Engle-Granger cointegration analysis framework, a long-run stable relationship between the three-month forward exchange rate and the future spot rate is identified which suggests that the forward rate contains useful information about the spot rate; in other words, it supports market efficiency in the long run. Insofar as the error correction model is concerned, it provided further support for the forward exchange rate unbiasedness hypothesis. With a high degree of power, the results of the model fulfill the final two criteria for market efficiency, viz., a constant equal to 0 and a coefficient of 1. However, the results also suggest that there is a disequilibrium in the short run that is only partially corrected in subsequent periods, suggesting that, in the short run, there might be unexploited profit opportunities for speculators and/or a time-varying risk premium. Needless to say, economists have been debating the issue of exchange market efficiency since the 70's and this study, although supportive ofmarket efficiency in the long run, will by no means settle the controversy. Finally, the endogenously determined structural breaks in the data indicate that, since the common currency's inception, volatility and disruption of the forex market has been generated by both the unexpected costs associated with the war in Iraq and the 2008 global financial crisis. Figure 4 
